The measurement of the flux of beryllium neutrinos with the accuracy of about 10% and CNO neutrinos with the accuracy 20-30% will enable to find the flux of pp-neutrinos in the source with the accuracy better than 1% using the luminosity constraint. The future experiments on νe − scattering will enable to measure with very good accuracy the flux of beryllium and pp-neutrinos on the Earth. The ratio of the flux of pp-neutrinos on the Earth and in the source will enable to find with very good accuracy a mixing angle theta solar. Lithium detector has high sensitivity to CNO neutrinos and can find the contribution of CNO cycle to the energy generated in the Sun. This will be a stringent test of the theory of stellar evolution and combined with other experiments will provide a precise determination of the flux of pp-neutrinos in the source and a mixing angle theta solar. The work on the development of the technology of lithium experiment is now in progress.
for a mixing angle θ ⊙ 0.29 < tan 2 θ ⊙ < 0.86
The peculiar thing is that probably the most decisive result about oscillation of solar neutrinos was obtained in experiment (KamLAND) detecting not solar neutrinos but antineutrinos from reactors.
The further progress can be achieved by increasing the accuracy of measurements of neutrino fluxes. Here some new aspect has arisen, which is connected with the possibility to increase drastically the accuracy in the evaluation of the contribution of pp chain to the total luminosity of the Sun. The luminosity constrained was first suggested on a quantitative basis by M. Spiro and D.Vignaud [4] . The thing is that, as it is known, there are basically two sources of solar energy: the pp-chain of reactions and CNO-cycle, the latter is presented on Fig.1 . Each neutrino source contributes to the solar luminosity a definite value, so that the energy balance can be written: 0.913f pp + 0.002f pep + 0.07f Be + 0.0071f N + 0.0079f O = 1 (1) for all neutrino sources with the coefficient by the reduced neutrino flux greater 0.0001. Here the neutrino fluxes f x are given in a reduced (relative to the predicted ones by standard solar model (SSM) BP2000 [5] ) and the solar luminosity is normalized to 1. The coefficients by f pp , f pep and f Be were obtained from numbers of Table 1 presented in [6] , the coefficients by f N and f O were calculated by us accounting that the energy produced for each 13 N neutrino in a first half-cycle CNO
and for each 15 O neutrino for the second half-cycle CNO
These energies are deposited in the Sun at the present epoch of its evolution when the CNO cycle is closed, i.e. the concentration of 14 N is close to the equilibrium one as one can see from Fig.2 drawn by the numbers presented in Table 4 .4 of [7] . On the early stage of solar evolution the coefficients by f N and f O will be different from presented in the expression (1) because the abundance of 14 N in the interior of the Sun is still low, consequently, the CNO cycle is not yet closed. From the expression (1) it follows that beryllium neutrinos contribute to the solar luminosity 7% while CNO cycle (neutrinos from 13 N and 15 O) -only 1.5% . Thus, according to SSM the contribution of CNO cycle to the total energy generated in the Sun is small but nevertheless, at a certain phase of experiment this will be the principal limitation in evaluating the physical quantities. For example, if the flux of beryllium neutrinos is evaluated with the accuracy better than 10% , the beryllium uncertainty will be less than 1% , so that major uncertainty to the luminosity in this case will come from CNO cycle. Then the measurement of the flux of neutrinos from CNO cycle will the accuracy of about 20-30% will enable to find the flux of pp neutrinos in the source with the accuracy better than 1% . At the present time a new generation of solar neutrinos is under development. Some of these detectors are oriented to measure precisely the flux of pp-neutrinos by means of νe − scattering [8] . The cross-section of this reaction is calculated with high accuracy so principally they can do the high precision measurements. The effect in νe − scattering experiment is determined mainly by electron neutrinos, the contribution of neutrinos of other flavors is small and well calculable. The ratio of these two values: the flux of pp-neutrinos in the source, i.e. in the Sun, and the flux on the Earth will give the survival probability and consequently, a mixing angle. This is a very good approach. In some way it is similar to charge current -neutral current strategy in SNO experiment. But here one value -the flux of pp-neutrinos in the source -is found by measuring the flux of beryllium and CNO neutrinos while other value -the flux of pp-neutrinos on the Earth is found by measuring the effect in a νe − scattering detector. This strategy becomes possible only because the contribution to the solar luminosity of beryllium and CNO neutrino generated reactions is relatively small, so that modest accuracy in the evaluation of the flux of these neutrinos produces with high accuracy the flux of pp-neutrinos in the source. The present limit for the contribution of the CNO cycle is 7.3% [9] . In a next few years even in the optimistic scenario of the progress with the solar neutrino experiments it will be hardly possible to decrease this limit lower than 5% . So, future experiments will not be able to exclude the weight of the CNO cycle in the solar energy as much as 4.5% . But in this case the weight of a pp-chain will be not 98.5% as is estimated now, but only 95.5% . The difference is 3% and this is a principal limitation. The accuracy in the evaluation of the flux of pp-neutrinos generated in the Sun will be limited by this uncertainty. So to go further one needs to know the real weight of CNO cycle. This can be done by a lithium detector because it has high sensitivity to neutrinos generated in CNO cycle which contribute 30% to the expected rate. If the accuracy in a lithium experiment is on the level of 20-30% , then the weight of CNO neutrinos will be determined with the accuracy of about 0.5% . This result will be important for two reasons. First -it will provide a direct proof of the theory of stellar evolution. So far we have no experimental evidence that CNO cycle does exist. These data will show how correct is our understanding of the evolution of the stars. For main sequence stars with higher temperature than the Sun the CNO cycle is a major source of energy. In fact, the fate of the Sun is also a CNO cycle star. Figure 2 shows the expected concentrations of 12 C and 14 N in the interior of the Sun.
One can see a peculiar distribution of these isotopes across the radius of the Sun. Carbon is burned in nuclear reactions while nitrogen is accumulated till the equilibrium concentration. To test experimentally whether the real picture corresponds to our understanding is very important. The second reason is that these data combined with the results of other experiments will enable to find with unprecedented accuracy the flux of pp neutrinos in the source and from the ratio of the flux on Earth to the one in the source -a mixing angle theta solar. The rates in a lithium detector from different neutrino sources are presented in Table1 [10] . If to take the mixing angle tan 2 θ=0.41 the total rate will be 21 SNU, and the contribution of CNO cycle is 30% . To find the flux of CNO neutrinos one should subtract the rates from pep, 7 Be and 8 B neutrinos. Now it presents no big problem because even the current accuracies in the evaluation of these fluxes and of mixing angle theta solar enable to do it taking into consideration that the accuracy of 20-30% in the evaluation of the fluxes from CNO cycle are adequate for the task as it was explained earlier.
The flux of pep-neutrinos is found from the flux of pp-neutrinos because the ration of these fluxes is well known. More accurate measurement of the flux of beryllium neutrinos will help in a further correction of data. This will be done in Borexino and KamLAND experiments. Thus for a further progress in the study of solar neutrinos it is vital to measure the capture rate by a lithium target. There is some ambiguity due to the unknown factor: what is contribution of 13 N and 15 O neutrinos? In fact, the situation in this aspect is quite good for a lithium target because due to a relatively high threshold of this detector the rate from 13 N neutrinos is much less than the one from 15 O neutrinos: the ratio is approximately 1/5, see Table 1 taken from ref. 6 . This helps in the interpretation of the data because the uncertainty of the rate from CNO neutrinos depends mainly upon the uncertainty of the 15 O neutrino flux.
To find the contribution of beryllium neutrinos one should know not only the flux of beryllium neutrinos but also the shape of the energy spectrum of these neutrinos due to thermal broadening. The details of this were discussed in [11] . The point is that in the laboratory conditions the 7 Be line will not produce 7 Be on lithium since the reaction of 7 Be production is reverse to electron capture by 7 Be. If to consider electron screening in terrestrial atoms, the energy of beryllium line is even lower than a threshold for 7 Be production. But in the Sun high temperature produces the thermal broadening of the 7 Be line, as it was discussed in [12] and later was computed with high accuracy by Bahcall [13] . Because of this some fraction of the line with the energy higher than the threshold will produce 7 Be. The effect is model dependent. The fact that the measured flux of boron neutrinos is in a good agreement with the one predicted by BP2000 shows that the model gives the correct temperature map of the interior of the Sun, hence there is good reasoning to believe that the thermal broadening of the beryllium line is described by the model correctly.
The substantial issue is that while the contribution of CNO cycle to the solar energy is only 1.5% , the weight of neutrinos from CNO cycle in the production rate of 7 Be on 7 Li is about 30% , so that for the total capture rate expected for a lithium target 21 SNU, neutrinos from CNO cycle contribute 7 SNU. If we take the parameters of neutrino oscillations from the allowed region, make the estimates for a detector with 10 tons of lithium and take pure statistical uncertainties, then the capture rate on a lithium target can be measured with the accuracy of approximately 1 SNU for 16 Runs total performed during 4 years of measurements. Here the efficiency of counting of 7 Be was taken about 90% what is principally possible to do by means of the cryogenic detectors [14] . After subtracting the rate from these three sources of a pp-chain one gets the rate from neutrinos of CNO cycle. Now we have two possibilities: first, we can take the ratio of 13 N to 15 O neutrinos as a given one by a SSM, or we can find separately the contribution of these two neutrino sources to the total capture rate solving the system of two equations:
Here L H , L CN and L N O are the contributions to the solar luminosity of pp-chain and two half-cycles of CNO cycle, R Li , R H -the measured and estimated for the hydrogen sequence rates in a lithium detector, R CN and R N O means the rates from neutrinos born in 13 N-and 15 O-decays, R = yL/4πr 2 SU N ε, where r SU N -the distance from Sun to Earth, ε is the energy contributed to the Sun per one neutrino emitted in each half-cycle of CNOcycle and y -the capture rate per one neutrino of 13 N-or 15 O-spectra. One can see from these equations that principally it is possible to find separately the fluxes of 13 N and 15 O neutrinos. The contributions of the energies associated with 13 N and 15 O neutrinos are close as one can see from the expressions (2) and (3). What concerns the rate of a lithium detector, the situation here is very different. The contribution of the 15 O-neutrino is 5 times bigger than the one of 13 N-neutrinos. In other words, the straight lines corresponding to equations of the system (4) are not parallel and the system of equations has a solution.
The idea to use a lithium target for the detection of solar neutrinos was expressed on the eve of a solar neutrino research [15] and this subject was investigated in a number of papers [16] . Lithium experiment is a radiochemical experiment and as a target metallic lithium is planned to be used. The solar neutrinos are captured by 7 Li (the abundance is 93% ) and 7 Be is produced in a reaction:
The isotope 7 Be has a half life 53 days and is decayed to 7 Li by means of electron capture. The aim is to extract 7 Be from lithium and to count the number of extracted atoms. The measured capture rate is converted in a neutrino flux. The main advantage of a lithium detector is that transition 7 Be-7 Li is super allowed hence the cross-section can be calculated with a very good accuracy what was done in [13] . How to extract beryllium from metallic lithium? The basic principle is the following. The chemical compounds of beryllium with nitrogen (Be 3 N 2 ) and oxygen (BeO) have extremely low solubility in lithium, on the level of 10 −13 mole percents. At the beginning of the exposure some beryllium sample (about 10 mg) is introduced in the target (10 tons of lithium). This concentration of beryllium is by far exceeding the equilibrium quantity. Beryllium is capturing nitrogen or oxygen atoms which are always present in lithium as impurities and is converted in a beryllium nitride or beryllium oxide. The same happens with the beryllium atom produced by solar neutrinos. These compounds of beryllium are ready to precipitate on any surface provided they have the contact with it. This condition is rarely realized in a bulk of lithium because the ratio of the surface to the volume is negligible. But if the stream of lithium is passed through a fine mesh filter with a very large surface, this contact is guaranteed. So the extraction procedure consists in pumping lithium through a filter and then by collecting the beryllium atoms by means of extraction from an aqueous phase where all beryllium present on a lithium film from the filter is dissolved. The optimization of the technology consists in finding the conditions by which the extraction process is efficient. Initially the work was done with the samples of 7 Be produced in lithium by protons with the energy of about 10-100 MeV. This is not very good technology because 7 Be is produced mainly on the surface of the sample, not inside of a lithium samples and the extraction of 7 Be produced by this method was far from the real experimental conditions. Now we use 14 MeV neutrons of D-T neutron source as a 7 Be generator. By this method one can guarantee that 7 Be was really produced inside of a lithium sample. Another problem is how to count the extracted atoms of 7 Be? By the decay of 7 Be the Auger electron is released with the energy 55 eV. This energy is too small for counting by the traditional counting technique. Principally it is possible to use a cryogenic detector as it was demonstrated in [14] . This method is the only possibility to get the high precision measurements. But as it was shown earlier, it is not absolutely necessary to have the accuracy of measurements on the level of 1 SNU. The good physical result will be obtained even with the modest accuracy of about 5 SNU (25% ). In this case one can use the efficiency of counting of about 8% . In 10% 7 Be decays to the excited level of 7 Li which emits the gamma with the energy 478 keV. This energy is very convenient for counting. In the background spectrum there is a very populated line 511 keV, so to discriminate the background from this line one should use a gamma spectrometer with a very good energy resolution. This can be realized by means of a low background gamma spectrometer using high purity germanium detectors. The assembly of the detectors which can be used in this case is similar to one module planned to be used in a Majorana project [17] . The work on the development of the technique of a lithium detector is now in progress at the Institute of Nuclear Research RAS in Moscow, and in the Institute of Physics and Power Engineering in Obninsk.
To summarize we should note that a lithium experiment is the only way to find with unprecedented accuracy the energy produced by a pp-chain of reactions in the interior of the Sun by means of measuring the fluxes of neutrinos generated in a CNO cycle. This information is vital for further study of the thermonuclear processes in the interior of the Sun and can be effectively used for precise measurement of the mixing angle θ ⊙ . The study of CNO is very important also as a precise test of the theory of stellar evolution. This work was supported in part by the Russian Fund of Basic Research, contract N 01-02-16167-A and by the grant of Russia "Leading Scientific Schools" LSS-1782.2003.2. The authors deeply appreciate the very stimulating discussions with G.Zatsepin, L.Bezrukov, V.Kuzmin.
